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costs. The generic lUS concept is described and how it can be 
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PREFACE 

As part of fhe cpoperafive efforf of ihe Federal agencies Invojved in the Ihtcgr.ared 
Utility. Systerh (! US) program, the Department of Health, Education and Welfare 
(DHEW) is promoting^^fhe application of the !US concept tx:) m^^dical arid educational 
complexes. Funds foVthe DHEW efforf have been furnished by the Experimental 
^Technology Incentives Program of the Nationa I Bureau of Standards (ETI P/NBS) / 
The intent. of the I US appfrcaHons project in DHEW is to: 

. o demonstrate to the rhfedlcal and educational community fhat-y, 
' an I US installation would result In considerable net savings for 

the institutions as well c^s contribute significantly to a reduce- /<- 
-tion of energy consumption and to a generq-l reduction in . ' 

^ pollution of air, water and land, 

o ' stimulate and encourage <th-e marketing of I US to the medical 
and educational communities by private enterprise. 

o meet the philosophy of ETIP/NBS by serving ds a vehicle fc 
transfer of technology develop^ with Federal funds to the 
J private sector and thereby stimulate the unassisted growth 

of the lUS concept through private enterprise. . 

. ' • • ^- ■ ■ 

. a 

^ ^ Prepared by: Edwin F. Cox^, Ph.D., P.E. 

:^f"% ^ David t. Hill 
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SUMMARY • . ' 

The purpose- of this marketing guide is to acquaint the prospective marketplace with 
the potential and underlying logic of the generic lUS corrcept. What comes to light 
\s the fact that a sizeable number of educational and medical facilities may well be 
compatible with the lUS concept, and thqt study, and appropriate implementation of 
dn lUS would bring about the realization of startlingly substantial annual dol lar savings 
for the institution along with impressive energy savings. 

The potential market for an lUS has been based primarily upon electrlcaj load demands 
of 2,500 kW to 40,000 kW. The rationale for selectirtg electric power as the basis 
IS that It is through the recovery of the energy whicb Is normally wasted In conven- 
tional electric power generation (65 percent or greater) that fhe major potential for 
energy and dollar savings in an lUS^are realized* ' , 

Having identlfl^ed the market, and allowing that It is rather broadly defined, what 
of the lUS concept? How does It work, and what are its benefits? The lUS concept 
in action can possible best be likened to a cascading effect, whereby the normally 
wosted energy from one Integral subsystem can be utilized to augment or totally 
operate another. It Is on this principle that the advantages of an lUS are achieved. 

The area of greatest positive Impact following implementation of an IDS Is the bottom 
line economic picture. As Is highlighted In the resulting studies of the University' 
of Florida and Central Michigan University, the extent of this positive impact can 
be substantial, especial ly over the long term. . - , • 

Still another advantage that continually emerges Is the compatibility of the lUS con- 
cept with future planning activities. The presence* of a partial lUS allows an Instl- 
fufion the luxury of bfeing able to Incrementally incorporate varloqs subsystems Into 
a highly efficient operating utility system. In effect, as the operational life expec- 
tancy of a subsystem diminishes, the economic viability of Integration increases 
since the subsystetn will have to be renovated in any event. In tJiat Instance, the 
capital cost that need be borne by the lUS is only-J"hat due to the additional equip- 
ment reqi/fred for integration and not the total investment for replacement. 

As Is continually stressed throughout this document, a factor of considerable impor- 
tance is the satfsfoctory correlation of an Institution's electrical and thermal loads. 
The ability to utilize the .waste energy of electrical generation to satisfy thermal 
demands is critical to ihc, success of an lUS, and, necessarily, ihe bcnefi ts of ihir.. - 
incoiporalion aie invariably rcllocled bolh In ihc opeiallonal clliclcncy and Irnan- 
ci a I success of the system. In these cases the incremental rate of return for the 
added lUS investment may well turn out to be very high, of the order of 25 to 100 
percent or morei, 
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THE generic: integrated utility system 

• • FIGURE 1-1" 



» * IRRICaTrON 




: - ^ ' ^ ' ' ■ . (MODIFIED) * 

^ - EFFICIENCY AS A FUNCHON OF PEAK TEMPERATURES 
, • , FIGURE 1-2 



THE INTEGRATED \JJ\L\T^ SYSTEM ^ .' . ' • ' 

.The ob|ecHve of the Integrated Utrlity System (I.US) concept Is to p^ov^de required 
utlllfyservlces with maximum efficiency and minimal overall costs, . .and In'a man- 
ner'which Is consistent with environmental requirements' an^ imtitutionaf constraints. 
To this end, the IDS conrrept can become a viable option f^ medical and educational 
institutions to offset ever spiralling energy costs* By and large, current utility sys- 
tems (electpjcql power generation, heating and cooling, water supply, sewage treat^^^ 
menf and soiled w^ste disp6sal)' are typically treated as separate operating entities. 
The I US concept Integrates into a single system as many of these utility services os 
can be economically fustified'in order to achieve maximum otilization of heretofore 
wasted energy from individual subsystems. For e^flampie, the waste (or exhaust) heat 
from a diesel engine can be us^ as the energy source for an absorption type ojr cdn^ 
ditloner, ^ - , . - • 

Optimization is site-specific, howe'Crer, this document addresses the multiplicity, of 
subsystems available to maximize the benefits from t^e lUS concept. A diagrammatic 
representation of subsystem configurations Is presented on the facing page. Figure 

The essence of an operationally and financially successful lUS is on-site electrical^ 
power gener-ation utihizing I c^. temperature or waste heat to provide space^ heatirig 
and Goolina requirements and *hot water service, Tradltiondlly, large comr^ rcial ^ 
electric genleration stations operate at approximately 35 percent efficiency; where- 
as, an lUS plant can attain and even exceed thermat efficiencies of 70 percent. 
The curve shown in Figure' 1-2 depicts'the relative efficiencies of eiigines for produc- 
ing power. Note that the lUS with low level heat recovery exhibits effi^piencies 
approachIng>tw Ice that of conventional systems,. Due to this fact, the eponomic ^ 
benefits can ^provide for investment payout in as little as 3 to*5 years. . .With con- 
tinuing annual energy cost savings of 25 to 50 percenf . . , 

J^e succe^of the lUS lies in achieving a sotisfactory correlation oPthe electrical 
and thermal load demands of the institution , That is, the ability to obtain the 
approximate 2 to 1 efficiency Improvement depicted. in Figure 1-2 depends on being ^ 
able to use effectively the recovered low' level heat, , Although the lUS qoncept 
engorr^dsses up to five utility services, the maximum return Is going to be achieved 
from on-site electric power generation integrated .with space heating and cooling 
and hot wxater service requirements. This levet of incorporation ^alpne^wlll oft^n 
justify the initicil capital investment, • , / . ^ ... 

Industry long ago recognized thaton-^slte power generj^ion utilizing' recovered Jew 
lev^l heat couJd play a major rple i^ reducing operating costs • Gonsequen+ly, many 
indostries incorporated .essentTofly tl^ sa^e concept under^the name of Total Energy, 
Numerous shopping centers, amusement parks, , and other commercial establishments 



soori followeci sujIj* This look place prior \o flic Aiab oil rrnl\cjr (jo v/licn (ucl cosis 
were*low. The savings are new even .more dramatic and o;hj>rs q^xloscly c xam^'ning 
the pol-enMal benefits of Total .Energy. In particular, the Deportmfcnt of Defense 
is examining the ooncepf for application at some of their foci If ties. . ^ ^ ' 

The increosing cost and decreasing availability of fuels is seivfiifj as a calalyct to 
boost" further interest in the lUS concept . Corvtr Ibuting fac ten s^are : 

o) continuing escalation of electric utiJafety rates, 

b) shortage^ond Imminent curtailment of natural gas in V 
: many regions, ^ . ^ 

c) fluctuation io' fuel oil prices dueJ>6 the vagaries of international 

*• \ 9'^ policies, and . ^' 

d) . increasing environmental/energy consersi^^ 

The lUS concept, by intent, does not incorporate high rjsk technologies, but rather, 
takes an innovative approach to integrating established and sound engineering prac- 
tices and. proven equipment to provide more efficiently the reqt;rred utility services. 

Consideration of an lUS could be put in the ^or'm of a question: " Would a capital \ 
in^^estment which could pay out in the 'neighborhood of 5 years be of Interest if It , * 
could cause a 25 to SO^perCeht reduction-in youl" annual. energy bill consisting of 
fuel and purcha'sed electricity? If so, fUS Is worth consid^ng as ah' option to^the 
status quo. 
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THE ELEMENTS OF A SUCCESSFUL IDS 

The elements to be considered and analyzed In evo^tiating fKe-potentfal benefits of 
dn lUS are:- - * 

>lo Size of instituti'on 

O' Energy requirements . 

o Present and prqj'ected electrical rates and consumption 

^ o P^oject.ed ovai lability of fuels 

\ . o Capability of combusting multiple fuel forms 

, • o Space availability 

' * o Reliability and adequacy of public power-^^upply . - - , 

/ * ■ o tmpact on the surrounding community - - " ^ 

. o Existing planf • 

o Institutional/Organizational * ^ - 

o Economic feaslbrlrty ' 

As will become apparent, the optimal integration of select utility services is the key • 
factor in deriving maximum' economic benefit from an lUS* T^he reader should note 
that the cost of providing comfort heatmg and cooling rn a university or medical com- . 
'plex is of the same i^agnltude as the electrical energy cost, and that these are the 
overriding ma}or utltlty system costs. Thus, it is efficient mtegrated operation of elec- 
trical and thermc5l -subsystems that, In all cases; provides the maior economic benefits 
ofanlUS. ' ' , - 

in. order to clarify the principle of Improved efficiency through combining space heat- 
* ing^and cooling with ori-site power generation. It is desirable to review the concept 
of availability and reversibility in thermodynamic systems. All thermodynamic systems, 
e.g. high temperature combustion gases, at a given state defined by such properties as 
temperature, pressure, velocity and elevation,^ Have the potential for performing a max-- 
imum quantity of work in reaching equilibrium with the environmertt. The maximum f 
quantity of work is achieved by passing from the initial thermodynamic state^point to a 
final state point through reversible processes of heat transfer and work. 

For example; in a university- or medical complexT^hermaL energy In the temperature ^ 
range of 200^ F to 400^ F is required . Hot combustion gas at approxitnately 3,500^ F 
^'"""^>i4S"ava^able to generate these thermal requirements. If reversible engines could be 
placed between the 'heat source (combustion 50$) temperature and^ach of the low 
temperature heat sinks, the system opcralion could ihon approach lhat of a reversible 
system and cncr^ requirements could be oblarncd in the mosr cfriclcnl jnanncr . Al- 
though reversible engines exist only in theory, there are available heat engines such 
as steam turbines that conventionally operate with throttle temperatures of 800 F to 
1,000^ F and combustion turbines which operate at inlet temperatures In the 2,000^ F 
ranges. By incorporating one or more of these heat engines into the system, the irre- 
versibility could be reduced and the utilization of thermal energy improved over that ^ 



"ll-T 



ERIC. ^ ' . S 



_ of d convenffonal Cenlral Energy Planf whicd generates sfeam requirements for the ^ 
tlVcrmal loods no electric power gef^ciatlon and maximum irrevcrsibi li Jy-. 

Therefore, tlie system which will. In general, look most attractive in terms of high-' 
est fuel efficiency is one In which power generation is incorporated, and In which 
the power generation system is selected on the basis of being t!ie optimum size to , 
provide the theVmal requirements . Any smaller power generation unit results in 
having to use a conventional boiler to produce the additional hot water or low quail- 
ty steam required for "heating and cooling. Whereas any larger unit results in a por- 
tion of the on-site electric generation system competing with the high thermal effic'ency 
characteristic of the large power generating units operated by electric utility systems. 
Put differently, the plant will generally be sized so that the heating and cooling re- 
quirements are met by' the waste heat from power generation. Thisrin turn will usually 
mean that a significant portion, but not oil of the electric power, will be generated 
on-site* This arrongement is sometimes called a Select Energy system. 

Size of Institution 

Generally speaking the lUS concept will have potential applicability in educational 
and me.dlcal complexes where. e lectric demands range between 2,500 kW and 40,000 
kW. In this size range, there is a high likelihood of sufficient economic^ return to' 
recover the capital investment, and there is proven and available hardware to permit 
utilizing the lowest cost fuels available. Concurrently^ the Department of Housing 
and. Urban Development (HUD) is pursaing the potential for the Modular Integrated 
Utility System'(MIUS) In the residential/commercial community. By comparison, the 
electrical energy demand for the HUD/MIUS program applications .are smaller, ranging ' 
from 300 kW to 6,000*feW, which/ mcidentally, results in significant differences in 
system hardware requV::ements . . 

Energy Requirements - ' 

The data presented Fn Figure II- 1 on the facing page was^oken from a survey of 20 
sefected^edical and educational institutions located throughout the country. Although 
there Is considerable variation in the ratio of electrical energy to thermal energy in 
the systems surveyed, fUe range of electric power generation equipment available 
ideall>/ encompasses the systems represented by this data. Typical values of the ratio 
of recoverable heat to electricity generated by tK^se prime moversjs superimposed on"^ 
Figure .Note jhc oxhcrnc firxibtlily of tho,slrcirn lurhino to opf ilnnlly-provicle 

tl)Q ihcrniol and olccti ical rrqutrcrnonls. 1 irrthcr, l>y tnixiru] fho prm>c movers such as 
a steam turbine for baseload and a diesei For^eaking (which is- common), essentially 
any value of this important electrical to theroWljiptlo con be achieved. 
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Present and Projccfcd Electrical Rgfcs jand ConsumpMon 

Marked regional differences exist in the patferns, growrh, and cos^ of^powcr. The 
major reason is th£_ regional differences in the cost of^uel or the type of electrical 
■ generation, e.g. many reg;ons are supplied by existing hydro and nuclear plants and 
ore srlll obtaining low oost electricity. Future power costs can be anfic ipated _to 
change as. the price of fuel continues to Increase and capital costs escalate. Since 
the primary fuel,- thus the cost, varies from utility to utility' the projected rate of 
increose in the cost of electricity will be site-specific. • 

If central station ehectricity Is sufficiently low In cost relative to the primary lUS 
• _ fuel cost; the economic benefits of heat recovery will not be sufficient to |ustify%n 

IDS with on-site power generation. Since the electricity cost data are such critical 
' factors in the integrated utility system economics, it is necessary to closely analyze 

the site-specific rate structures. ' , ■•^ . 

" Projected Availability of Fuels • . 

There is 'tremendous speculation with respect to the price and availability of a partic- 
. ular fuel. The fol lowing^discussi on is an attempt to place Ip perspective a number of 
, factors that are expected to affect' the future fuel picture. One natural conclusion is 
that if a faciHty is equipped to burn any of the three fuels; oil, natural gas, or coal, ' 
■then there will exist the highest probability of fuel availability ond'atHhc lowest rela- 
tive cost. This latter considerati^on should'play a -major role in your consideration of ^ 
alternotives. ■ ^ . .. 

■Present energy consumption in the institutions which might consider implementation of 
_ an IDS is primarily for meeting thermal- requirements. , Although some Institutions burn . - 
coal, by far the most popular fuels are gas and o'ri. Both oTtfeylatter fuels.are premium- 
grader are easy to store and handle, bnd have good combjstion characteristics. Until 
recently they have been readiiJy. available and relatively Inexper^iv\.|' Pricfe increases, 
triggered primarily by the Arab oil embargo, have changed this plttuV^ considerably.,^.' 
and coal, although less desirable ffom an operational and initlayi^estment standpoint, 
^- is beco/ning more attractive from a life cycle point of v?ew for specific geographical 
regions . . ^ ■ , . 

Natural Gas Availability: Demand for notural gas. has steadily I.ncreased because 
of^^its clean burning properties, low cost^ and, untl I recently , aVal labi I ify . After 
W6r!d War II, the availability of obundant '.upplirs of iiatiirnl cjas aru) cr'o<<;- country 
pif^lrnes systems &<iabled the gas utility industry to expand rapidly. As shovyn by the 
production rate orKfigure 11-2, gas consumption grew at •6 6.5 percent. average annual 
rate in the 1950's and 1960's. Natural gas production peaked in X972 and then de- 
clined by approximately 6 percent in 1974 for the first time in history. ' 
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:;g.S.. NATURAL-GAS RESERVES (Exclodii^ Abska) - 
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Reserve additions' have failed to equal or' exceed^roductidn for the seventh straight 
year. The only significant^ major reserve addition in recent-years has\been the 
Alaskan reserve /addejJ in 1970 A ' • , . . * - 

With the demand for natural gas exceeding supply, many gas companies found it 
•necessary to deny gas service to new customers and to curtail some existing ^sto- ^ 
mers. The pictyre Is not expected to improve. ^ Iq fact, interruption or curtailment . 
of-supplies dt fnost'consumer levels is a very distinct possibility, and one that logi- 
cally should/p rovide the stimulus for Investigation of other fuel types by the consu*" 
met\" , . / 

A . . ■ . 

At the Hme of writing this document, no state had completely implemented the Fed- 
eral Power Commission Curtailment Priorities Program presented on the fa'cing page, 
but mo^t have, eiThfer through a statewide plan or by individually, filed company tariffs, 
placed an end-us^type of plan in effect*. It is important to note from Figure IT-S 
'that a large portion of ^e universities and hospitals which might logically implement 
on fUSfall in one of tWl lowej jnterruptible priority categories (6 to 9) of the FPC. - 
Order 467B-. Note that the higher the numerical category the greater the likelihood 
of curtailment. -The iopservotion and economic' benefits associated with on lUS make 
the ti^^eliness of its Consideration that much more appropriate, especially in light of 
the presence of the fjPC Order. In addition, it seems inevitable that gas prices will 
rise, probably exceeding th^ price "of fuel oil. The-consensus is that deregulation 
vfrould- cause ihis'to happen rapidly, fven regulated gas is receiving price boosts. 
FPC Order (Opinion No. 770) w.ouldfesult in the. price of nj^w natural gosteing al- 
most tripled.- 

;-. . - ^ "/ ' ^- ■■ - . ' < 

Fuel Oi-I AvaLlaSility: Until the'oil imports were disrupted by the oil embargo, 

the United States oiPconsumpt^on increased 4 to 5 percent per year. 'Domestic oil 
producfion peaked in 1970_. The discovery, of fiew reserves- hbs fallen since 1966;' 
the Prudhoe Bay field in the Aj^oskaaNprth Slope being the only major exception to 
this trend. With consumption outstripping domestic production, the United States 
was dependent of foreign sources for 19 percent of its oil supply by 1959. By 1970, 
this dependence had grown to 26 percent, arid by 1975 had reached approximately 
40 percent and continues to grow . ' ' 

In a recent report prepared by the UbrOry of Congress, it was predicted that overall 
energy shortages will be 9'ta>s2 million barrels per day in oil equivalent in 1977;- 
10 to 10.6 million barrels per daj^in 1980; and 9 to 10 million barrels per day in 
1985, assuming an energy growth rate of ^.8 -' 3. 1- percent yearly over the next 10 
years. The Library of Congress report also noted that "any additional oil imports to 
the U.S. will have to come from the Eastern Hemisphere, with most of that from the 
Middle East and North Africata^ countries. " ^ • - . 



Exhibit 1 



■% Federal Power Commission Gas Cg^i^ailment iViorrfi!^ prder No. 467-B ^ 

(1)" R(£stdenriol/ smatl commcrcJaT {less than 50 Mcf on^a pedc day); 
(2) 




Large cofrnnercial rctiulrements (50 Mcf or mor^ on a peak day), firnt^industrial^equiremenl's for plant 
^otection, feedstocks and process nee ds^, and pipeline customer storage, infect! on. requirements I ' 

(3) All industrial requirements not specified In (2), (4},- (5), (6)/-(7)^, (8), or (9). . . ?v 



(5) 
(6) 



(4) Firm induStria! requirements for boiler fuel use at less than*3, 000 Mcf per day, but 'more than 1 /500 Mcf per 
day, wh^e alternate fuel capabilities can rneet'such requirements ♦ ^\ ^ 

.. ■ - ■ 9 ^ - 

.•: • - 2 ■' - 

Firm industrial re<:;uirements for large volunrie (3,000 Mc For irigre per day)45orJet- fuel use whi&re alternate 
fuel capabilities can meet such requirements. ' ^ 



Intemjptible requirements of more than 300 Mcf per day, but less than 1,500 Mcf pe^ 6gy, where alternative 
fuel capabilities can meet such requirements. ' . \ > ' 



(7) Inteni^pHble requirements of intermediate vohjmes (from 1,500 Mcf per day through 3,0p07w\pf peT doy)t 
where oTOrriate fuel copobilities con meet such requirements, 1. \ 

^ (8) InteiTuptibfe requirements of more than 3,000 Mcf per^doy, but less than 10,000 M^per day, where 
alternate fuel capabilities can meet such requirements. . * ^ i - . 

(9) Interruptible requirements of more than 10,000 Mcf per day, where alternative fuel cap'obllitrbs can meet 
Such requirements. * * . > .^'^ » 
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The conclusion fo be drawn from ihose somewhat ominous (xedictions must be that, 
while oil v/ould appear, to be available^ as a fuei 'for ah lUS, the supply might well ' ■ 
be vulnerable to further disruptions-ds occurred with the Arab oil embargo of the not 
too distant past . - 

- ■ ■ '''' 

Coal Availability: It is .widely known that our "o'-'on's ;coal reserves are enor- 

mous. According to a'report issued by the Council on Wage and Price Stability 
. (1976), the outlook for cool prices over the next decade is favorable with" good pros- 
. pects for price stability. About 83 percent of the known economically recoverable" 
energy reserves ir^ the nation are in the form of coal, and at current prices the rmne- 
able reserves- are enormous- ' / . , ■ 

- . While it is general lyiconcedcd that -coal is not presently being produced at rates 

that can fill the overall energy gap, there appears to be a sufficient supply of both 
low dnd high sulfur coal to meet the needs of -those i.nstalla>ions which have the 

■ capobility to burn cool, h Wov\d also appear reasonable to assume, that the price 
of coal per Btu Will continue to be lower^than the price of -fuel oil. 

Conclusions: -Although the relative availablllTy of fuels will vary by region, It 

is apparent that qt some juncture most institutional facilities will feel the ef fecf of 
"the energy crunch. In this instance the posturcvof yaur institution should-be one of 
preparedness. Time> which is of the essence, has been lost so faced with the im- 
V pending crunch, necessit)^ should provide sufficient stimulus for decisive action . 

This decisiveness £an take many forms, but if your intent is to establish some measure 
of independence from the fuel shortage ond the rising cost of delivered energy, then 

the lUS concept win warrant serious .consideration . . On-site generation coupkd with' 

^ V «-he appropriate integration of subsystems can affofd greater reliabi lity 6f utility ser- 
vices and c<Ln result in a reduction in overail energy costs, while simultaneously con- 
serving a very valuable commodity ... energy ! ■ . 



The Capability of C o mbusting Multiple Fuel Form s x * " • . ' 

'^ was illustrated previously, the nation is iaced with the unpleasant prospect pf a 
shortage of oil and natural gas in coming years. Further,^ it is anticipated that inter- 
state natural gas prices' wil I continue an the upward spiral thqt has "been "w^'tnessed 
since ^973. Along with this potentid crisis comes the difficuJ h problem qf deter- 
mining who will be permitted to>|f these- commodi ties . For safety'lf^ke, assume 
that you will not be one of the privileged. With t.his in mind, oxpj'ore the vi"- 
abilily of implementing a muHi-fucI combustion process. The abilil)r-To swilch to 
alternate, more available fuels will enable your institution to "roll with the pun'ch", 
ftence,, lessening, the impact of projected shortap^s - . 
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THere'exisfs a muTtiplicity of advantageous fuel obmblnations, al I of which, subject 
to site-specific inveltigatlon, could hove a dramatic effect on bofh stability of 
service and bottbiti line ecortomics of operation. The latter point bears second 

^ thought, because, by intent,, the multi-fuel capability affords the opportunity oft- 
fTmes to prudently s^ife^fitute the combustion of the cheapest fuel available at a 
given time. In addition^to coal, one solid fuel form that is gaining in popularity 

-is wood residue. In certain areas, wood Is available in plentiful quantities, and 
presently is* extreme ly cost competitive. • It is currently being burned in boilers in 
Alabamar Vermont, Oregon and Ar.kansas in quantities Avhicb encompass the size 
ranfge of universities. and medical facHities. ^ - 

The Intent here is not to promote wood, but to stress the point that, unless constrained 
by i^ulations,-;an institution can always be burning the least e'xpensive fuel available 
at any given time. This multi-fuel capability alone could give you the ability to re- 
duce fuel costs 1 0 to^20 percenK ^ . 



Aside from the potentiol financial beneflts^^tc be derived, the most significant ad- 
van^age of multi-fuel combustion capability^ is that^t provides the highest assurance 
of fuel av^ai labi lity . ' . * . " 

Space >^vaIlabH1iy ^ . , , . 

The type of generation system and the type of fuel under consideration can ^hav^ a 
significant effect oh land requirements. For instance, dependent of the fuel, areas 
have to be set aside for such incidentals as fuel storage, gas cleanup, and ash hand- 
ling. . ' * ' 
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Reliobilifry and Adequacy of Public Power Supply 
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A major consideration for Installing on-site electric pow^r generation in addition to 
cost savings is the potential Jack of reliable'electricaLpower from the conventional 
~^ electric utHi'ties. A number of authc^itatlve sources, including sources within the 
electric utility rndustry7 are predicting the strong possibility of large scale brown- 
outs, black-outs, and curtailments of service b'efbre the" end 'of the 1970's in many ^ 
sections of the country. , <" ^ ^ 

, Further/ according to^ report by the Technical Advisory Committee for the National 
Rcfiabilrty Council (July, 1 975) entitled. Review oJ^Ovcrall Reli ab ility a nd Adequacy 
of the North American Hulk Power 5yst-em, certain jivnd;; arc cvulcnl with reyaicl to 
" -^tlie lack of availabilily of power supply adequate fo meet projected demands. ^ 



\ 
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The fufkire reliability and adequacy of elecfnc bulk' povj^r supply .depends on the 
timely' installation of .new generation 'and transmission fac Mitres, to meet the pro- 
jected electric Hoads- and provide^sufficient reserve capacity for confingencibs / The 
report especially en^^haslzes the fact thai present high Jev^ls of reserve capacity In 
^ this country appear to be primarily, the result of the severe decline in industrial/ 
activity. ' .\ V ^ 

Power consumption was considerably reduced during the p.erlod of energy oworeness 
brought about by the Arab oirembargo in late 1973. ' As can be seen from Figure ■ 
II-4 on the following page, demand tumbled in all sectbrs of electric <:onsumptIon, 
but by 1975 the residential and commercial sec toes had bounced back to near his-- ' 
toric leveTs, -yhile the industrial demand remained low. • The result has been'that 
the total kWh sales have only increased by about 2 percent this year. It has been 
suggested that the lagging economy is the reason for the continued reduced electri- 

> ca! demand by industry. When the economy improves, industrial consumption could 
be expec'tecl to increase If the historical correlation between powei;^ consumption and 
gross national product still applies. Then, instead of reserves running comfortably 
in, excess of 20 percent, the resulting reserve, picture\cou Id be as low as that shov^n ^ * 
on the facing page. Figure II-5 shows a high of 15 percent. in 1976, Jailing steadily 
toq fevel of 7 percent inM 984 . Electr7c<?J. supply stabirrty requires reserve capability 

'in excess of 15 to 20 percent, and the lack of'tFfIs level of reserve should cause ad- 
ministrotors of institutional utility systems to be concerned about the reiiabrHty of 

' service'. ' ' ^ . ' ' ' • 

> ■ *. 

' » - - ^ 

The threat of poteaHqIly unreliabl^^^ctric power supply indicated by^the data in 
Figures M-4 and ll-5;is exacerbated by the possibility df future postponements and 
cancellations of generating plants. The magnitude of the problem is further increased 
by construction delays resulting from licensing pj^dblems, by 'nuclear controversies, 
environmental and ^ite related issues, by^ the lack of. assurance of an adeqyafe and 
dependable supply of primary fuef, and by the inobi'tity of utilities ^o push-through 
rate hikes they cbim are necessary to provide the capital foi^expan^'dfi . For exam- 
ple, Atvin W. VogtJe, Jr., President of the SouthernXompany, a utility holding 
company, stated In SOUTH MAGAZINE last ye^ar that If his .company did not get the 
needed construction funds, "for, Georgia Power?, -^instead, of having a 2D percent re- 
serve, we'll have. only a 5 to 6 percent," . • * / • ^ o. 

i . 

In the gast, deficiencies \r\ generating capacity often have been met by the Installa- 
tion of combustion turbines. Tlir, opfion Is r,tlll open bul flic^ unavai lobi lity of gas, 
and the limited availability oF low sulfur oil/makcs rhc.usc of such equipfiKuit vul^ 
nerable — even for peaking purposes, iln addition, the lead time for the instaflation 
of such capacity has ncnv i^icreasod 'o.-«'Iong as three years so tj^at combustion turbines 
no longer^constitute- a fast optioa for electric utilities to meet unexpected load in- 
creases or delays in generating equipment instal lotions. 
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kWh USAGE - JULY 1973 - MAY 1975 




RESIOtNTIAL COMSUMERS 



1 



SVALL LIGHT AND PQV.tR USERS 
(COMMERICAL) 

LARGE LIGHT AND POWER USERS 
(INDUS TRIAU 
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FIGURE II-4 
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PERCENT RESERVE GENERATING .CAPACITY 
AT TIME OF SUMMER PEAK' 

Contiguous U.S. 



.Sr^CQMlTTIE REPORT SUGGESTS PROJECTED %SERVE MAY BE 
ARTTPKjALLY HIGH DUE TO' DEPRESSED INDUSTRIAUCONSUMPTION 



LOAD AND CAPACITY FROM \ ^ 
MAY 1975 DATA 



SUBCOMITTEE REPORT SUGGESTS ACTUAL RESER\'E REALISTICALLY 
■COULD BE AS LOW AS THIS CURVE 



CAPACITY FROM nIaY 1975 DATA 
LOAt> FROM AfRJLj 1974 DATA 
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SOURCE: INTERREGIONAL REVIEW SUBCOMMITTEE OF THE TEiCH NICAL ADVISORY 
• COMMITTEE (July. 1975) » , ? 
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The infeht is not to imply that the el^{?tric utility industry is performing less/?fian ' 
commendably. On the contrary /since the turn of the century they have continued 
. to supply reliable power ot higher and higher efficiency . New technolog)/ was 
continually incorporated such as nuclear power and higher pressure and efficTericy- 
fossil units, all ddsi^ned to provide more reliable^and lovyer cost electricity. 

The electric utility' industry is caught in a situattori beyond its c^trol. They, did ' 
not cause the Arab oil embargo, nor cfid they mandate the.stringent environmental • 
regulations imposed on them. They simply cannot afford to install power generation 
•capacity beyond that which .they can be reasonably certain th<jt they can utilize — 
and thus pay for. > , 



Such sources of power supply as saldr, geothermal, magnetohydrodynamics and'wind 
do not provide options >for significantly augmenting generating" capacity during the 
foreseeable future. These energy sources require major research and development 
efforts before they can be considered to be viable alternatives to fossil and nuclear 
generation of electricity. The primary electric power for your ?nstitution' will 
certainly be generated with conventional power generation equipment. 

In view of the possibility that lo^^d forecasts might be low, the paucity of alterna- 
tives for effectively dealing with the consequences necessitates that -contingency 
programs be established by institutions, such as yours, to insure availability of ade- 
quate electric power. x 

I 

And so the coutions continue. .. The precedin.9 paragraphs serve to illustrate the 
general feeling that d-evalls, namely, that at some juncture, power shortages may ' 
well become a realitJ. What is fhe answer?^ —Is it on-si.te generation?.. Is it 
energy conservation? The problems are numeroffe", the contingencies vague, but 
one solution to this highly foreseeable dilemma could well be a concept known as 
the Integrated Utilii^^y System. . " ^ 

Impaction the Sjjrroundlng Community 

s Wh^n considering the appeal of the ll^S concept, one must necessari ly "address the 
contingent effects on the surrounding community.- Although the extent of effect is 

\very much site-specific, physical, , social, economic, service and aesthetic im- 
pacts will naturally be iT^syp^cd onJ\hc local- communi ty to some dcgtico . Initially 
the siting of thp- lUS is a fbctor; ifythc construction is oa the pcrimofor l atlior ihati 
the -center of a sprawling campus.'tfitjn, obviously, ihc cffccJs of conlruclion will 
bc/ffiore. noticeable to the surrounding community. 



Existing Energy frjgnt v ; , . . / ' 

The type and condition of the exT^tlng en'fergy generation and distribution arrangement- 
ctin have a nna|or effect on the payback period for' an lUS. In cases where age and 
physical condition dwrtate the replacement or repair of major Items, such as boilers or ^ 
steam distribution lines, then this,, when properly reflected In the economic evalua- 
tion of Implementing aa lUS, will, often, result In a very attractive ^nves^pent alterna^r 
five where otherwise It may be* marginal. ' r - 

Jnstitutlonal/Qrganfeatlonal - 



Jh.e number and type of -Institutional consideration^vary ^Idely depending on such-, 
factors, as the number of community groups Involved, state owned or private fy owned 
university^ hgspital^ interest of the electric gricKin participating, and stafe laws 
pertalnlilg 'o bo^t^^^ond financing. Other/ more specific problems rel-ate to the 
ability of the staff to operate the more complex I US hardvy^are^r the .requirement to ^ 
development new fob descriptions and establish new wage cafegorles, and the ne):esslt) 
to revise management cfnd accounting systems to effect distribution and sale of servjces 
^ to customers. The marketing of the product In a.^ultl- institutional arrangemer}t could 
resuIMn the lUS faJling under the jurisdiction of state regulatory groups. * 

s , • s 

Economic Feaslbfllty * 

Although an lUS has overall economic advantages, competing alternatives for mission 
oriented projects, e.g. new library, could result in an lUS npt receiving the endorse- 
ment required to Insure implementatioji . In these cases, the self-liquidating nature of 
lUS needs to be emphasized. This could result In even mortfxo|!>ital bemg availabhe 
\for more desirable mission related projects • . ^ 



Even convinced of the economic desIrabUlrv of implementing an lUS, the capltc^l 
funds just may not be available, especially in the^.case of'a private Institution. One 
should then explore the case Whereby the electric utility company serv-icing the area 
would own the generating system ox\<^ sell electricity, steam and hot water- Other 
third party options may also be available. 

In any .case. It Is Imperative that the institution address the oyenue for funding early 
and carefully plai^the strategy for obtaining the necessaiy capital. 
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III. THE OPTIONS 
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^ FIGURE .111-1 
. ^ SCHEPULE FOR CONSTRUCTION 

INTEGRATED UTILITY SYSTEM AT UNIVERSITY OF FLORIDA 



CONSTRUCT] 



1. DEVELOP CRITERIA 

2. GENERAL ARRANGEMENTS 

3. ENVIRONMENTAL PERMITS 

4. FLOW DIAGRAMS 

5. ' , EQUIPMENT PURCHASE: 

Turb i nc/Gc nero tor 
Boi \er 

Miscelloneoos Equipment Confroct 
Condenser 
Coolmg Tower . ' 
FeedwQter Heofers 
MrsccUoncous Pumps 
Moin P'tp'mg and Valves 
^ Tronsformen 

Instrumentaflon^ Conh-cl and Panels 
Air Compressors 
Buildmg 
Switchgcar 

Cool and Ash Handling' 
Incmerotion ond Heot Recov« 

. -CONSTRUCTION:, 

General Confroct 
Sife Preporotion 
Foundations -flnd Structures 
Installation oF MechonicoL Equiprnent 
Installation of Electricol Equipment 
InstoIIotion of Controls and Instrumentation 
Insfollofian of Power Piping 
Instollatlon of General Piping 



TIME IN MONTHS FROM SELECTION OF 

ENGINEERING CONSULTANTS 
6 12 18> 24' 30 36 42 '^8 
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AWARD OF CONTRACT 

EQJLIIP\AENT DELIVERY • 
COMPLETION 

INSTALLATION OR CONSTRUCTION 



ENGIN^RING 
r>^^ BID ^ 



DELIVERY 



THE OPTIONS 




The Planning/lmplemenfation Cycle 

The consfderation of options may begin as the resulf of a signrfrcant eVent such as 
the constriction of an available fuel supply or perhaps simply through an awareness 
that the status quo is in feopardy. V/hatever the reason and whatever the frame of 
reference, be it cost, ecology or conservation, the lUS concept may afford the 
opportunity to improve the performance of a utility operation, either planned or 
existing. * . 

To do nothing may be entirely inappropriate because of the trends in cost and avail- 
ability of fuels. On the other hand, to do anything if it involves' a change of any 
significance in the utility systems will probably require from three to five years In 
the planning and procurement process. 

Clearly thjcn, any Instrlution which generates its own heat oJid has Its own utility 
distribution system should assess its position now. At a minimum this should Include 
a review of the^nstltutlon's pattern of expansion in the use of fuel and electricity; * 
a review of the national and regional trends in fuel and power price escalation and 
availability; consideration of existing contract agreements for utilities, assessment 
of existing of- potential problems in land fll 1,^ calculatlon'^of the annual rate of in- 
crease of total utility bills; and a comparison of the proportion of utility costs to 
total budget now as opposed to three or four years ago. 

Wjth that information in hand and with knowledge of other Institutional concerns 
and aspirations, it should be possible to moke a reasonable conclusion as to the need 
for further conslderaf+on of the utility services problem. 

. If the lUS concept appears approprlote to your oeeds, what do you do next? Simply 
stated, investigate the elements of integration, 'What Is called for at this juncture 
of your evaluation process is an in-depth feasibility analysis. The analysis will 
provide you wlHj^he means to accurately gauge t*he alternate subsystem alignments 
and their contingent benefits. This systematized monltorirrg process Inevitably will 
clearly delineate where the bulk of the'savlngs are evident. It may well be that 
your own site-spec'If Ic qptimlzation turns out to a partial lUS -r fine. Having con- 
ducted the feasibility analysis, reviewed the findings, agreed on the most productive 
ollgnment, what n(:y.\7 The answer .. .conceptual design. The conceptual design ^ 
phase of your project nllows you to view oh Identifiable procJuct, nqmcly , your onr 
site power gcncratrori and your optimized subsystem Integration. The cosi benefits 
suddenly become rt)otv r))eonIrigfuI , ihc polontlal moi c substantial. Your Institution 
hos now accomplished the first step In attaining the much sought after "security" 
should energy shortages become a reality. Funding and implementation follow, 

iii-i- . 
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As pari of planning and effective program ImplementoMon, one should cijrfail utilify 
system improvement programs to the extent practical when initiating qn lUS feasibility " 
study. The reason being that the utility structure most compatible with an lUS may 
not be that which Is part of some on-going expansion or rehabilitation program. To 
continue With the expansion plati could result In a structure for wfiich the economic 
feasibility is not viable- In any cose,, the postponement of improvements while com- 
pleting the feosibility study should not be fonger than four to six months. 

The Existing System 

A tKorough examination of the existing utility system is of prime importpnce ia order 
to determine the level of subsystem incorporation t!iat will provide the best economic 
return. To fhis end, the remaining operational life of the existing utility subsystems 
should be established, and the cost for their replacement determined. Because of tfTe 
increased cost of energy, any piece of eq^pment nearing the end of its life expec- 
tancy might well stand replacement by machinery that has been specifically selected 
to provide improved thermal efficiency--possibly in the lUS structure. Compatibility 
with future planning is a major factor which adds to the appeal of the lUS concept, 
^Major lUS subsystems can often be effectively integrated into an existing utility 
structure in a modular ond incrementol way- This results in a less capital-PntensIve 
implementation procedure and often a relatively short return on investment period. 

In line with the main objectives of the IDS concept, namely, cost savings and energy 
conservation, the existing system should be carefully examined for excessive energy 
consumption. These losses can be quite large and the accrued benefits from correcting 
deficiencies can be substantiaL 

Energy conservation as such is on impetus state, in that recognition of initial wastages 
prompts i/ivestigation of other wasteful practices- In effect, we are adv^sing^ that one ^ 
never underplay the energy awareness attitude, as it is a vital pcerequisite to a mean- . 
ingful conservation program, particularly if the tbtalf system is kept in mind. 

In a conventional utility system, the subsystems are for the most part considered to 
function separately from each other. Waste energy from each is refected to the. en- 
vironment- In an IDS, these separate utilities are'combined t-o reduce the total 
requirements for energy where possible by interchanging waste heat between utility 
subsystems, thereby reducing the 'overall adverse environmental impact and lowering 
the life cycle cost of the utility services. 

At this juncture, an identification of the basic differences -betweer. otal and select 
energy systems, which are the key to a successful fUS, should be made. These systems" - 
are described schematical ly in Figure III-2. 
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On-site electric power can be gener|^:ted either completely independently or In 
parallel with the regional electric p^bwer supplier,- Independent operation means 
[ust that. The electrical tie between the local supplier and your institution is 
'severed. All necessary reserve and emergency cxapacity must be provided* by your 
energy plant. If your demand exceeds generating capability,, then you must shed 
electric loads or reduce voltage (brown-outs). This independent mode of opecbting 
is called Total Energy. An^ alternate mode is. operation In parallel with the local 
electric ul;Ilily- \r> this latter mode, tlie local utility provides all electric r-cquire- 
ments over and above what you generate on-site including peaking and reserve 
requirements. The*capital cost of maintaining this reserve capacity Is paid for in- 
directly by the institution through a demand charge- The choice to own, operate 
ai^d maintain the local reserve and backup depends, natural ly^ on a balancing of 
potential demand charges against self-maintained reserve costs. , 
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In either system, If there is insufficient thermal energy available from electrical 
A'p^^Ac^r generation/ conventional boi ler systems can be 4jsed , to .supply the deficiency. 
Highest efficiency of operation occurs when the recoverable energy from the elec- 
trical power generation matches the thermal energy requirements of "the institution. 
For th is reason, the maximurrr percent retijrn on investment and the shortest payback 
period Is, going to come fpom select energy systems operating at full electrical capa- 
city and utilizing oli .of^the available thermal energy. ' 

Subsystems ds Key Components ' ' 

As stated previously, the optimal situation would be perfect alignment of the elec- 
trical <3nd thermal load of a facility. The probability of thi% condition ever prevafl- 
Ing is extremely remote; however, there are measures:that can be taken ta improve 
the alignment, such as energy management "^and energy storage - 

Energy Management Systems (EMS) are well suited for lUS application. The state 
of the art is such that'there are'many proven systems available in varying degrees of 
sophistication for accomplishing a specific set oj goals. Although an EMS normally 
controls a variety of parameters, the overall obfectlves are to reduce energy consump- 
tion, reduce capital costs, and reduce peak demand'. Reducing peak demand results 

in a better un^iformlty in the. ratio of electric power to thermal power. 

■ _ . b. ■ 

Various mcSdes of energy storage are commercIaHy available and lyiany more are 
under active development. The Energy Research and Development Administration 
(ERDA) has placed the deve+opment of new and Improved energy storage systems as " ' 
one of its major priorities. ^ . 

Jhe most likely storage media for thermal energy is watlj-. ' The storage system would 
be charged during off peak h&vrs, and discharged to its point of application durlog 
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high heaMng or cooling demand periods. The benefit tlj^-^overol I system Is that 
the stored reserve allows an institution to meet higher tf^Amal demands with-less 
Installed equipment capacity and of a higher .overal I systena^ efficiency. This brief 
focus on the storage aspect of an lUS further highlights the magnitude of benefits 
a^oclated with the concept, " - " 

The main aycnue to achieving the economic goals of an lUS is:by reducing waste; 
therefore, the selection of hardware Tpec If ical ly. to acjiieve llijs goal Is axiitlcal 
concern, lodeed, when in the process of evaluating past performance of existing 
equipment, be:5ure to temper your analysis on the conservative sid^. For example, 

' it Is common assumption that boiler efficifencies generafly run in the range of 75 to 
80 percent;, in reality, however, this optimal condition rarely exists. Generally 
speak ing^^^os^ institutional ievel plants maintain operating efficiencies of between 

,60 to 70 percent, and only then if they ruo-c^tirHjously . If the system in question 
is cycled on and off,- the effect on operating efficiencies can "be significant. In- 
deed, a realistic estimate may even be as low as 50 percent. Realize that this con- 
dition is by no means qq exception to the rule, and thot many operating plants fail 
to reach even this modest plateauV 

r f „ . - - * " 

Having identified the need for the appropriate and conservative hardware selection^ 
we should further define what form tkat equipment-can necessarily take- The follow- 
ing is on encapsulated discussion of thie available prime movers for power generdtron 
in educational and medical^complexes. , ^ ^ — 

■ , ■ ■ ♦ 

Naturally, the choice of, prime' movers for on-site electrical power generation wilL 
depend on the type of thermql clistributlon 'system.^ e,g, high pressure, steam or- low- 
temperature hot water, as well as the ratio of power to heat requirements. In 
addition, the choice will also depend on the fuel availability, space availability, ^ 
and environmentdl restrrctions- Some systems v/ill "be C^ery-slmple, others will consi-st 
of two or m9re prime movers and multiple combustion units. A majot" econormc ad- 
vantage of the lUS concept is the ability to effectively utilize existing subsystem-* 
configuratipns. . - , 

Steam Turbines 

Simply stated, high pressCrfe steam is produced by a boiler and then fed to a steam 
turbine generator unit. As the'ste.am expands through the turbine, it pushes agqinst 
turbine blades, turns a rotor connected to a generator whereby electrical power is 
generated. Steam turbJnes essentially are of two^ types, condensing and non^con- 
densing. The condensing type discharges to pressures'below atmospheric, requiring - 
a condenser and cooling tower. The energy//e(ected to the cooling tower is ulti- 
mately wasted-to the enviror^ment. The non-condensing^(or back pressure) turbine 
operates at exhaust pressure above atmospheric. In principal, all of the steom con 
be utilized foi-^heatmg, cooling or other process requirements. 
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The choice of which type to select depends on the ratio of thermal to ^leGtrlcol 
loads that are to be supplied by the system. Figure lll-J illustrates both'^a condensing 
and o non-condensing steam turbine system. Steam Is extracted at several pressure 
levelsT to supply various requirements, and feedwater heaters are incorporated to im- , 
prove the overall efficiency. . . . 

Rot an IUS application, the steam turbine generator system has numerous advantages. 
The thermal effic^^cy of steam turbines for plants of the size required for educational 
and medical complexes is relatively high, they operate efficiently over a widely 
"^aryTng lodd, they are highly reliable and the operating and maintenance costs are 
low when compared to most other prime movers. A further significant benefit is the 
fact that the associated steam plants are well understood, gnd they can be readily 
designed to operate effectively .on non--preniium and more abundantly availabie fuels. 

Reciprocating Internal Combustion Engines 

The reciprocating engine, whether It is gas or oil burning, is gene/'^lly recognized as 
one of the most efficient power sources available for on-site electrical generation in 
that its heat rate compares favorably with the best fossjl fuel stecjm turbine generator 
units The waste heat can ako be recovered arid used for satisfying thermal energy re- 
quirements of an, institution- There are two types of reciprocating combustion engines 
in common use for power generation. One type Is the diesel engine (compression 
ignition) which can use oils of various grades. T+ie diesel is often designed to utilize 
both oil and natural gas, thus permitting the purchase of the most economically avail- 
able fuel. Anot^^^r typ^ *s a spark ignition such os the automobile engine which uses 
more expensive gasoline or high volatility fuels. 

Internal combustion- engines used as prime movej sources are caljed upon io deliver 
re I iaotev. trouble free service for long periods of time. For this reason, large, slow 
speed engines operating In the 600 rpm range or less are preferoble" to small, high 
speed engines operating at 1,800 or 3,600 rpm. The slower engines experience less 
wear on tKe moving parts of the mechanism and are not as highly stressed throughout 
as are !the high speed units. 

Gas Turbines & >^ . 

Gas turbines are a third type of prime mover utilized. for' power generation; They> 
hove for many^years provided service for .Jfxeaking ofid backup units at large electric 
utility stations and as the principal source of power In such applications as unlversrKes 
and shopping^centers where there Is a use for v^aste energy^ The principal of gas tur- 
bine operation i^ similar to steam turbines with the exception that combustion gases 
are expanded thnough the turbine rather than steqm. Thermareffiqiencies of gas tur- 
bines ore Tower than steam turbines. The overall system efficiency, however, can be 
improved signtflcantfy by placing a.waste heat boiler on the discharge end/of the turbi 
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and using the recovered energy fo provide thermal loads. 
" . Corpbined Cycle J 

^ ' ." ^ 

Efficiencies even higher^ than the^imple cycle gas turbine system can be achieved 
by utlllziDg a combined cycle . The term combined cycle Is given to the power sys- 
tem consisting of a gas turbine and a^steam turbine combined in such a manner" that 
the high ternperatuPe gas turbine exhaust ^*s used to produce steam for a steam cycle. 
Generally speaking, there is sufficient thermal energy in the exhaust of a gas turbiriie 
to produce an additional 50 percent electricity wi^no additionat fueL The major 
manufacturer of combined cycle equipment launched an aggressive marketing program 
several years ago and, consequently, this concept is becoming quite popular through- 
out the country- , * . . / 

An option to the combined cycle concept described above^is the variation where 
• supplemental firing of additionat fuel takes place in the <heat recoveiy boiler for the 
steam turbine. This concept takes advantage of the facf that Tn order to limit the 
"temperature of the combustion gases entering the gas turbine to vali/es compatible 
wjth turbine blade material temperature limitations, considerable additional air be- 
yond thq^ required for complete combustion is introduced into-the gas stream. :There 
Is suffic lent excess air when corribusted with supplemental fuel to generate an addi- 
* . tional 50 to 100 percent electric power beyond that generated by the unfired system. 
The thermodynamic advantage rj^ults because thfs combustion air is approximately 
800^ F and does not have to be heated from ambient temperature. # 

"... ■ ■ ' • ' ' r 

The combined <iycle variations offer additional alternatives in' optimally satisfying- 
the important^ratio of thermal to electric energy requirements.- *i - . 

L 'he preceding paragraphs have provided an dverview of the various prime movers ■ 
associated with on-site power generation. Of necessity, the characteristics of exist- 
ing facilities, utility loads and energy source availability will have a mqfor influence 
on the options available i^n a site-specific instance. In evaluating which options can 
be best used in an lUS, certain criteria should be -followed, such as the potential for 
amalgamation with other subsystems, system efficiency and lastly, a prime factor, 
capital cost. Although th^ demonstration "of the advantages of the lUS concept has 
. . > been based on proven techn5fegy,^this does not preclude a given institution from 
.implementing advanced technology subsystems in an IDS. The lUS concept is com-- 
patible with new technology, and new technology can generally be readily incor^ 
porated into a new or on-going system. • A prime-example of this intorpbrdUon would 
•be solar heating' to augment the thermal loads. 

^We shall endeavor^ ^rom this point onward^to define the subs/sfeiT> structures along 
w*ith the options for integration that are immediately evident. A point that cannot 
be overstressed is that optimal form$;of lUS are very much site-specific. Further, 
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\f IS nol always f he case tliat opIImizafTon rcsulfs from inlegial ion of all Ihe sub^yslem 
configurations. The economics of various subsystem alignments will determine |ust 
how feqsiWe a proposed integration might be-, Tndeed, in some Instances contingent 
benefits wjll assume a diminj^ing return status after ihe initial IntegraKon of the . 
power generation and space conditioning subsj/stem utilities. If this Is .the case, your 
objective will have been attained In that yoi^ institution will be operating in as 
efficient and cost effective a manner as is practicaL 

Heating and Cool ing Subsystems ' - ^ 

Heating and cooling requirements on a university campus or in a hospital are generally 
d^tributed^'to the end use as sifeam or hot water. This can.be.^the^ high pressure or 
low pressure steam or^high temperotore or low temperature hot water. The higher the 
pressure or the higher the temperature, the smaller the distribution line sizes and, thus 
the lower the distribution system capital costs. However, in an lUS the higher the * 
pressure, and temperature, the greater the loss in p^^^tentral for prodtjclrrg electric power 
It fust so happens that in many institutions^ at the pAint of end waste, the steam or 

tater Is converted to a relatively, loy temperafur4|^efore being utilized for comfort .: 
>ads- Thus, if the distribuMon system could accQmmodate or be modified to accom- 
modate 'low pressure steam or low temperature hot- water, a significant economic ad- 
vantage could result. An examinaticaa of selected sites hassshown fhat conversion to 
low temperature hot watef^ or o reduction in thfe^dlstrrbution pressure is a. definite 
possibility. Another alternate results 'from the' fact that mainy Institutions have a 
continual on-going utility system upgrading program which Includes distribution lines. 
Conversion to low temperature or lovy pressure xJistribution could be incorporated into 
tHbt program. ' • ' 

..... ^. ' 

The cooling loads of ^universities or fSosprtals, have, nn annual cy^cle.whigh peaks Xn^the 
summer and is min^maJ. during the winter* If electric motOT-driveh'^cenfrlfugal phTllers 
are used to provide cooling^" the peak electrical demand by these machlnies WfH' occur 
during, the summer when heating lodd^Pequirements are minimal anJ;,the waste heat can 
not be effectively usegl. * If a&sorption chillers are used,' operatlag'off of waste heat 
from power generation, there will b^e^'a better baipnced electrical demand, ^>4;esul-ting • 
in a significant improvement in the overall system fefficiency. < 

Solid Waste Management . 

~ ' ■ ^ ' . ■ - ■ - 

The solid waste generated by an Institutiori can often be utilized to' advantage inan 
lUS structure. The fraction of recoverable energy from the incineration of the soHdv j 
waste wil l be in the overage range of 5 percent of the fuel requirements for heating ^ 
and cooling. In addition, the solid waste will be reduced to approximately 5 percent 
of its original volume and will be In the form of a sterile residue, greatly reducing 
landfill requirements. Further, should the lUS incorporate a coal fired boiler, the 
disposal of- this ash, also a very sterile residue, can be accomplished in a conventional 
londfill or it.could b^ used as^a fill materioi . 



' By J'ar ihc simplosi approach lo lioaf rccovciy lioin iiic ijici alion is provJcliny tow 
prosniirf? steam •for hrafing and cooling purpccs. Tins opprood) fils in qinlp«well 
with a diesel or gas turbine where there is often a deficiency in thermal energy avail- 
' ^ablc from the cleclrlcal power production. - . 

* A higfily effecHye method for introducing the energy recoverd from the incineration 
of solid waste into the steam ^/^g/^^ cycle is by preheating the boiler feedwater either 
in qn economizer or in a high pressure feedwater heater. In this approach, the re- 
covered energy from solid waste incineration is captured o't a higher quality (teonpera- 
ture and pressure) ana much greater advantage is taken of the thermodynamic avail- 
ability of the hot incineration' gases. Preprocessed solid waste vCOu Id be supplementally 
' fired in a coal fired utility type boiler* Preliminar^conclusions indicate HiuK supple- 

>nenta! firing in the range of 10 to 15 percent of the total Btu input may be supplied by 
municipal solid waste (MSW) with minimal pT tobiems J 

Jn order to take advantage" of the economies of scale in utilizing solid waste, dn in- 
. stJtution may wish to incorporate the wastestream from an adjacent community* There 
^ arfe^a multiplicity bf institutional and* jurisdictional factors which must be add[essed 
prior to such an incorporation. Not the least of these would be possible realty 
of collection areas, along with guaranteed uniformity of ser/ice and rate schec 
These, plus a number of other considerations too numerous to cover herem, she 
subject to careful evaluation* ^ 

Water Mdnagem^nt ... * , 

Water mu^t be supplied to'an institution for human consumption, makeup for variou 
utility services, and irrigation. The simply source can either be provided from loc< 
surface or well water or it can be imported from some external suf5ply . Likewise,^^ j 
wastewatier must Be disposed of consisterit with'appropriate en\?iroh mental requirements. 
An objectivis is to economically use. the suppjy water and reuse the wastewater in such 
a manner that water 4s conserved, arid there- is a minimal negative environmental 
pact. Possible uses of treated wastewater that would serve potable water are powfer 
. plant makeup, cooling tower makeup, scrubber makeup and irrigation — in fact/ most 
any potable water applIcatiorrwr>h the exception of^ human consumption, 

• The centra! theme in water management,* other than cjrlnking, water, is to use/the 
minimal qijdilty' of water which/satisivFactorily meets' the needs of the intend«li use. 
' t ^ Similarly, the treatment level/needsPnly be sufficient to satisfy the requirement^ of 
_ the specific use^ The poteritiql exists for dn lUS usrhg,renovat|^d wpsfewater in such 

npn-humao contact purposes as cooling tower makeup, flue gas scrubbers,* Irrigation, 
J and, fire protection, - ^ • 

. ^v- ■ ■ . V; ■■■■ 




As has been sfalcd earlier, llu? success of ihc lUS depends on ihe level fo wliich 
specific subsystems con be efficiently .integrated . The cascbdmg of energy from one 
subsystem to the next, rafher thon rejecting the energy to the environment, is the 
element that affords the potential for savings. This chapter has sought to Ih'dicqte 
to the reader the structure of existing utility subsystems, and to delineate some of 
the options available to bring about optimal realignment under the structure of the 
IDS concept. If there is a maior odvanixige evident, it is that the requisite ItJS 
technologies can be implemented Immediately- This indeed is the very heart of the 
lUS concept, namely. . .the effective utilization of proven technology. 
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THE UNIVERSITY OF FLORIDA AND CENTRAL 
MICHIGAN UNIVERSITY lUS EXPERIENCE 



In orcJer that the reader migfj^elote to his own institution/ the experience from the 
encapsulated docirtjientatfonoF^ findings of the ipS feasibility sf^jdiesof the Uni- 
versity of Florida end Centrol M^i^gan University utility systems ar^^ included, ^ 

Starting with the knowledge that each solution mvst be tailored to the site, the ' 
following recommendations resulted. The recommended approacfufor the University 
of Florida consists of coal fired steam turbine generators operating ajj a Select Energy 
system and providing up to 85 percent of the electric power requirements. The rec- ' 
ommended syste'm for Central Michigan University is olso a coal fired plant with a 
steam; turbine generator producing 100 percent of the campus electrical energy re- 
quirements. This recommendation is a Total Energy system and, as such, complete 
backup of the power generation system will be required, fhe existing 
will provide standby thermal generating capa'city. ^ 




The University of Florida, Gairaesville, Florida \ ^ 

The University of Florida, which has a student body of .28,000, affords a large but 
contiguous site with appropriately large electricoF and "thermal loads. In fiscal year 
1974/1975, 120 million kilowatt hours and 984 million pounds of steam werg pur^ 
chased and generated respectively . The vast majority of the electricity, was purchased 
from a local utility/ Fljcfrida Power Corporation* AJl of the sfeam was geheraied with 
gas/oil fired boilers in the mstjtution's existing system, A feasibility studf on the 
potential for an lUS at the University of Florida resulte^i in the following pb^servations: 

o\ An lUS at X the University of Florida is attractive, offefing significant 
utility operdtion'and mamtenance saving^ The proposed lUS design 
.at the University has a payback period otless than 5 years starting 
from date of operation. 

o The present worth at 6.5 percent, the payback period, and the interest 
rate of return on the investment for'the recommended system is $71 \ , 
mrilion, 4.7 years, and 23.3 percent, respec^>ely 



An I US reduces overall utility operations costs. The Unive/siiy of 
Florida baseline operating costs amount to $10,017,000 (1981 dollars),' —Tl 
wliilc'fficp^jfi^poscd lUS design operating costs are osKmatcd/at $5, 967, 000. 
This representsva net annual savit^gs over the baseHne casetof 40 percent. 
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o An lUS can generpfe a significant porn on of the required power. 
For the University of Florida, 85 percent of the elcciric power will 
be provided by the recommended JUS* 

o Solid waste incineration wij^rheat recovery an4 waste volume reduc- 
tion "are advantages derivM from an I US. _ ' 

o A low temperature hot waler distribution system can te incorporated 
fnto an tUS to provide sigrjificant^ddditional energy«*and cost saving 
advontages and a payment •on that increment of Jess than one year. 

o It is not necessary to implement a completely integrated utility to. 
benefit from the concept of an lUS. Substantial benefits can be^ 
accrued by partial integration, thereby permitting phases of the 
investment. \ 

o ' An lyS can be compatible with an on-c|oing'utilIty svstem expansion 
program. 

The proposed lntegra)4d Utiiity System at the University of Florida is shown in Figure 
IV-1 . The utilities provided for inr the integrated system are electricity, heating and 
cooling, wastewater trea^7^ent, and solid wastef management. The^pnly utility not 
provided for by the lUS 4S potable water. - Th^Ajhiversity will purchase this utility 
from the city although oh^sl|e^'prod0ctlon hd?been under ciDnsideration for several 
years- ^The treated effluent "f<jr the^ydge/acllity Is to be used for Irrigation and 
cooling tower matwup- r r 

Central Michigan Unlverslty^^^punt Pleasant, Michigan 

Unlike the University of Florida, whlc^ has a relatively large utility system. Central 
Michigan's only u^'lltv service is the production of steam to meet the hedtlng and 
cooling demands of th^ campus. The University -encompasses 862 acres and has a 
student population of 16,000, of which approximately 7,000 reside on campus. The 
weather at Central Michigan University Is rather severe and the central heating plant 
produced 350 miHIon pounds of steam^ ir^flscol year 1974/1975. The maximum steam 
demand experienced was 12.5, 000 pounds of steam per hour- Electrical consumption 
for the same time period was a relatively low 24. 1 mil Hon krtowatt hours. The max- 
imum electrical demand experienced w^js^ approximately 5,^00 kW. All electricity is 
purchased from the Consumers Power Compony. The prlraaty* fuel of the boiler plant 
Is natural gas from domestic and Cang^ ran. sources. , ^ 

The results of ^e lUS feasibility /study performed on Central Michigan University re- 
sulted in the f|llowIng conclusions: ^ ^ 

^ o , An lUS fqclllty Is feosible at Central Mich i;ggn University. 
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o Thepntsenr worth of tlie net savmgs at a 7 percent discount rale, iho 
^payback period and the interest rate of return for the recommended 
system ore, respectively, $9,177,002/ 1 1 ,4 years and 12.5 percent. ^ 

^ The cost of utility operations wr I r be reduced by the implementation bf 
^ an lUS at Central Michigan University , The existing system baseline 
''operating costs are $2,354,000 (1981 dollars). The proposed 'iUS' design 
c^erating cpsts are estimated at $1, 133,'0^00, representing a net annuo! 
savings over the baseline case of 51 percent, ^ ■ 

o Incineration of municipal solid waste- from Central Michigan University' 
and the City of Mount Pleasant was found to be economically viable , 
and wiH result in the displacement, of 13 percent of the annual high 
grade fuel requirements. -^^'^^'\^ • , 

The existing utility system and recommended lUS facilities are shovvn in Figure IV-2. 
The lUS facility will initially provide pow^r generation, heating and cooling and 
solid wasfe^ incineration with heat recovery. A subsystem for future integration isjs!^ 
selective sewage plant sized to produce enough treated effluent to meet the makeup 
?and irrigation water requirements of the boiler plant and campus, respectively.' 
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The rncreasing cost/and impo\a"h^rpf providing^ reltable uti^lily services to ecluca- 
tional,, medical and municipal commynrties undoubtedly requires the enlightened 
attention of planners, administrators, butJders, and operators of uti I ity systems serving 
- these facilrtfes. The implementation of the Integrated' Utility Syshem concept can 
substantiaJly reduce the costs of providing these services while conserving energy and 
yet meet the various imposed environmental and Institutional constraints. 

The potential for a successful lUS jnstallatidn exists throughout the country. Every ^ , 
utility system in the United States has, in. varying degrees, been adversely, affected 
by the rapid increase in costs and dec!||fesing aval labil ity of one time plentiful fuel 
sources. Faced with the spectre of outright curtailment of some types^of fuel, the 
capability of bein^'able to fire a number of various types of fuel becomes increasingly 
more- attractive- In addition to fuel ovaflabi lity, the traditional method of solid waste, 
management, namely, the landfill concept, I^.also under fire as the availability of / 
usable land decreases and costs Increase. AFso, the awareness of the energy^poteYitia! 
contained with*in the wastes has shown that simply disposing of the residue is tonfamount 
to .burying substontral amounts of money ihat could be recouped by in<;,ineratlon witK 
heat recovery or a materials-recovery operation. The Keat recovery or resource recover 
operation would reduce the'amount of waste that would ultimately have to be disposed 
of, thus saving the land. 

lUS, by its generic nature, does not corfnote any one set of hardware, but rather it Is 
a concept which provides the fundamental basis for selecting and integrating utility 
subsystems wTth a view to providing a better overall system performance. Hence, the 
fundame^ntal concept .of an lUS can optimally serve as a basis for the long range plan- 
ning and upgrading of existing facilities* Furthermore, as was mentioned earlier, it 
is not necessary t^ implement d completely amalgamated utility systef^^vt^lDenefit from ' 
"the concepts of an lUS. Substantial benefits -cah te accrujad by partial integration, 
th^ impTementatlpn of which can often be madfe as part of the on-going utility system 
^pogrom aX^ given institution . " . » 

Tk^ .attempt throingf^ut this Guide has.been to realistically Identify the- potential : 
benefits to be gained from impjementing an lUS. It Is apparent that the Incentives 
are there • ' . * 

In the event thot the reader Kas defined that an area of mutual Interest exists, ;^e 
source point of further information on the generic lUS concept would be: 

" ^ - Director of Pl^ahnlng and Development * 

Office of Facilities Engineering and Property Management 
' Department of Health, Education and Welfare 
' 330 Independence Avenue, S. W. 

. Washington, D. C. '20201 - , 



